Introduction
Poisonous plants are considered as detrimental to or adversely affecting human bodies and animals (Eddouks et al. 2002 , Huai & Xu 2000 , Levetin & McMahon 2008 . However, toxins from plants are closely related to health aspects of humans and animals (Habermehl 2004 , Levetin & McMahon 2008 , Rates 2001 with "toxic" constituents from them often applied as effective treatments of some refractory symptoms of human disease (Harvey et al. 1998) . The taxine alkaloid, for example, is a poisonous compound from yews (Taxus spp.) but has been found to have positive pharmacological functions in the treatment Published: June 30, 2010 in the world (Al-Qura'n 2005 , Arias 2000 . Much Chinese ethnobotanical knowledge on toxic plants has been recorded in recent years (Guo et al. 1990 , Guo et al. 1991 , Qiu et al. 2006 , Zhang 1996 , Zhu et al. 2006 . Previous studies on toxic plants focused on their chemical compositions and pharmacological effects (e.g., Farnsworth 1966 , Rios & Waterman 1998 , Vetter 2000 . However, little is known about the relationships between the uses of toxic plants and their taxonomic and cultural contexts in different ethnic groups. Different ethnic groups may have their own knowledge and experiences of using plant resources even if they inhabit the same environments. In this paper, we focused on the toxic plants as reported in ethnomedicine sources on five ethic groups in south and southwest China and tried to answer the following questions: What health problems do ethnic healers usually use toxic plants to treat? Is there any difference in use of the same toxic plant by healers with different cultural backgrounds? Are there any correlations between toxic plants and use? All of the answers to these questions are important guidelines for the exploration of toxic bioresources.
Methods and materials
The Dai, Lahu, Miao, Tujia, and Wa ethnic groups live in mountainous areas of south and southwest China. Ethnobotanical investigations on their traditional medicine have been conducted and published in recent years (e.g., Dai (Lin et al. 2003b) , Lahu (Zhang 1996) , Lahu (Simao Institute of Ethnomedicine 1987), Miao (Qiu et al. 2006) , Tujia (Zhu et al. 2006) , and Wa (Guo et al. 1990 , Guo et al. 1991 . Toxic plants are commonly used in these ethnomedicinal systems. As our basic method, we have conducted a metadata analysis through harvesting of results from the above published materials. The information includes species name, family name, part used, use, preparation, toxicity, and special use.
Thus far, there are not standardized quantitative methods for evaluating the toxicity of a plant in ethnomedicine. Indigenous people often evaluate the toxicity of a plant based on their experiences. Here, we classified the toxicity of poisonous plants into three groups, i.e., low, medium, and high, based on the records of toxicity reported in the published sources. A "high" level means that this plant contains deadly toxins and leads a person or animal to quick death, even if only a small amount is taken. "Low" means that the plant can cause somebody poisoning when a great amount is used or it is used incorrectly. A "medium" plant is intermediary between "low" and "high."
The formula suggested by Phillips and Gentry (1993a & b) was used to evaluate the medicinal use value (UVs) of each species s:
where U is was the number of medicinal uses of species s mentioned by informant i, and ns was the number of informants who mentioned species s. Here, since this is a meta-data analysis of published texts (that could represent few too many interviews but are published as a single summary), i and ns have been treated as one for each ethnomedicinal system, while the number of ethnomedicines which was recorded for species s fluxuates. Based on this formula, when only one use of species s was recorded in only one ethnomedicine, its UVs was 1; if one use of another species was recorded by 4 ethnomedicinal systems respectively, its UVs was 1 as well. Because we were not tracking differences in the number of users but only in the uses per species with UVs it was very difficult to identify differences. In order to avoid this problem we developed a concept of average UVs (AUVs). AUVs can be calculated by the following formula:
where UVs was calculated based on the formula suggested by Phillips and Gentry (1993a & b) . %P s was the percentage of the ethnomedicinal systems examined that mentioned species s.
The relationships among the five ethnomedicinal systems and their use of toxic plants were analyzed by SPSS 16.0 (SPSS 2008) applying a Pearson's product-moment correlation.
Results and discussion

The diversity of toxic plants in the five ethnomedicine
In total, 118 species of ethnomedicinally toxic plants from the five ethnic groups were inventoried (Table 1) , covering 51 families and 92 genera. The average ratio of number of species to family was 2.31. Twenty families (39.2%) contained at least two species of toxic plants ( Table 2) . Arisaema erubescens (Wall.) Schott Tuber medium Guo et al. 1991 , Qiu et al. 2006 Arisaema fargesi Buchet Tuber low Zhu et al. 2006 Arisaema rhizomatum C.E.C. Fisch. Tuber medium Zhu et al. 2006 Colocasia esculenta (L.) Schott Rhizome low Zhang, 1996 Epipremnum pinnatum (L.) Engl. Whole plant low Pinellia ternata (Thunb.) Breitenb. Tuber medium Zhu et al. 2006 , Qiu et al. 2006 Remusatia vivipara (Roxb.) Schott Whole plant, tuber high Guo et al. 1991 , Zhang, 1996 At the generic level, 19.6% of toxic genera had more than one species. Genera with more than one species are listed in Table 3 . The parts of toxic plants used as ethnomedicines included roots, whole plant and leaf, flowers, fruit, and seeds. Roots were most frequently used. In some cases, parts of toxic plants used as medicines were not the main parts containing toxins. For example, the Dai people used the bark and leaf of Antiaris toxicaria Lesch. as medicine, while its gum contained deadly toxins. As another example, the leafs of Plumbago indica L. were considered to be very toxic by Lahu people, its whole plant, however, was often used as medicines.
Family is an important taxonomic classification level for determining the usefulness of plant species to local people (Thomas et al. 2009 ). This is also true for the toxicity of plants. In the 5 ethnomedicine systems, many toxic plants belong to just a few families (Araceae, Asteraceae, Fabaceae, Euphorbiaceae, Aristolochiaceae, and Apocynaceae). These are among the main families containing toxic plants (Levetin & McMahon 2008) . Although some families, such as Lobeliaceae, Loganiaceae and Moraceae, have only a few species with toxicity, the toxins from them are deadly poisonous. Huai et al. (2003) (Huai et al. 2003) .
Toxic plants used the most frequently in the five ethnic groups
In spite of living in the same environments, different ethnic groups have their own knowledge and experiences of using toxic plants as medicines. We compared the plants used by the five groups, and found that some toxic plants were used as medicines by two or more ethnic groups, and some were used only by single ethnic group. For instance, castor (Ricinus communis L.) was used by four ethnic groups (Wa, Dai, Tujia and Miao) ( Table 4) . Ricinus communis is cultivated commonly in south and southwest China. This fact might be the main reason why it was used frequently. Plumbago zeylanica L., Anemone rivularis Buch.-Ham. ex DC., Toddalia asiatica (L.) Lam., and Paris polyphylla Sm. were used in three of the five ethnomedicinal systems (Table 4) .
UVs and AUVs showed that toxic plants used as medicines by the five ethnic groups had high medicinal use values (Table 5 ). This result indicated that toxic plants used as medicines were an important content of the five ethnomedicinal systems. Each toxic plant used had at least two different medicinal usages (Table 4) . Of them, Anemone rivularis had the highest UVs value, and Croton tiglium L. had the lowest UVs value. This indicates that A. rivularis had the most multiple usages in different ethnomedicinal systems. Although C. tiglium was used by two ethnic groups, it was used only for two health problems. The UVs of toxic plants were not correlated closely with the number of ethnic groups who used them. The use number of a plant contributed greatly to the UVs. Compared with UVs, AUVs were better at reflecting the relative use values of toxic plants in ethnomedicine. For example, the plants R. communis, Alangium chinense (Lour.) Harms, Coriaria sinica Maxim., Dioscorea hispida Dennst., Euphorbia lathyria L., and Curculigo orchioides Gaertn. shared the same UVs, 4.00, but had different AUVs. The AUV of R. communis was higher than that of the other species. Obviously, some toxic plants were used only by a single ethnic group, and others were commonly used by two or more ethnic groups. This meant that different ethnic groups had their own ethnobotanical knowledge reflected by their different choices and preferred using different toxic plants. Croton tiglium 2.00 0.80 
The high toxic plants and their usages among ethnic groups
Eleven species were believed to be extraordinarily toxic by the five ethnic groups (Table 5 ). Due to their extreme toxicity, these toxic plants often were used only by local specialists to treat special health problems. Five of these species (Table 5) its AUV was only 1.20, lower than G. elegan. Croton tiglium had the lowest UV in these 11 plants, 2.00, but its AUV was not the lowest. These results indicated that the plants with "highest" toxicity also played a very important role in some ethnomedicinal systems, although many of them were not commonly used by all ethnic groups concerned.
The use of highly toxic plants may mean some special beneficial toxin exists in these plants. The high AUVs and UVs indicated that these medicinal plants might have a potential to develop new drugs. Thus these highly toxic plants used as medicines are particularly interesting in further research or new drug development.
Health problems and treatment with toxic plants
Toxic plants often were used for different medical purposes among different ethnic groups. Some health problems were treated preferentially with toxic plants across the five ethnic groups. The frequent health problems treated with toxic plants in these ethnic groups and the numbers of toxic plants involved are shown in Table 6 . Injuries (including bleeding caused by trauma and broken bones) were the most frequent problems treated, with 94 toxic plants (78.33% of total toxic plants) from the five ethnic groups. Skin problems were the second most frequent illness treated with 84 toxic plants (70%). The toxic plants used for injuries and dermatological medicines were significantly higher than for other health problems (u=6.465, p<0.01). Although treatment of skin ailments frequently involved toxic plants in the five ethnic groups, these indigenous people had different experiences and uses for toxic plants for treatment of skin ailments. It is usually difficult to define "what is a skin ailment?" and "which skin problems were included within skin ailments?". When the medicinal specialists from different ethnic groups answer these questions, the answers usually differed from one another.
Here, the skin problems defined included various ailments related to skin problems in local areas. In addition, some toxic plants were used for treating snakebite, stomachache, rheumatoid arthritis, tussis, burns, scalds, malaria, colds, throat inflammation, and diarrhea. In another word, the use of toxic plants was usually correlated closely with specific health problems in local communities.
It is common that the same toxic plants were used by different ethnic groups to treat the same health problems. Since a given ethnomedicine system was usually developed and practiced independently with unique cultural backgrounds for ages, the context of the given ethnomedicine formed its own specializations, though their practitioners might live in the same areas. The same species was often used by different ethnic healers to treat the same health problems. This was likely to be a result of experience exchange due to its high medicinal effectiveness. Thus, plants used more often by different ethnic healers to treat the same ailment should be the focus of more attention during the hunt for new drugs.
Toxicity of toxic plants depends on their chemical composition. Alkaloids are one of the main components that can cause poisoning. For example, more than 40 alkaloids were isolated from G. elegans (Hua et al. 2008) , which could cause violent clonic convulsions leading to respiratory failure (Rujjianawate et al. 2003) ; benzofuran lignan glycosides isolated from G. elegans showed a potent cytotoxic activity (Hua et al. 2008) ; The diterpenoid alkaloids were thought to be the main toxin in A. carmichaeli (Konno et al. 1982) ; dioscorine and sapogenins isolated from Aconitum also showed cytotoxic activity (Webster et al. 1984) ; plumbagin isolated from P. zeylanica, presented significant cytoxicity . Medicinal activity of toxic plants also depended on its composition. Benzophenanthridine alkaloids, coumarins, cyclohexylamides and terpenoids isolated from T. asiatica showed various medicinal activities, including strong anti-platelet aggregation activity (Tsai et al. 1998) , antibacterial and antifungal activities (Duraipandiyan & Ignacimuthu 2009) , and anticancer (Rajkumar et al. 2008) .
Crude extracts with uncertain composition have also been shown to be biologically active from many toxic plants. Duchesnea indica (Andrews) Focke extract showed strong anti-inflammatory activity, in particularly suppressing pro-inflammatory cytokines and mediator by blocking NF-kB activation (Zhao et al. 2008) . The crude extracts from P. zeylanica could increase the activities of serum lactate dehydrogenase, acid phosphatase, liver alkaline phosphatase, and sugar concentrations in the blood in clinic experiments (Beg & Ahamd 2000) . Identifying the compounds responsible for the activities in these toxic plants is the premise of better understanding and using toxic plants.
Conclusion
Based on this study, the culture and the resources available were two main factors affecting ethnic healers' selection choices for uses of toxic plants. Although the active composition of toxic plants used medicinally by the five ethnic groups was uncertain, our current survey may provide interesting clues to further understand and apply these toxic plants.
